Knowledge of home-range sizes and the degree of spatial overlap between males and females can help elucidate mammalian mating systems and social organizations. To characterize the social system and mating strategies of an endangered species, the giant kangaroo rat (Dipodomys ingens), we compared home ranges of males and females during the breeding and nonbreeding seasons using radiotelemetry. Boundaries and sizes of home ranges varied seasonally for males, but not for females. During the nonbreeding season, both males and females remained in exclusive territories located in the core of each individual's home range. During the breeding season, home-range size of males increased significantly as mobility of males increased and home ranges expanded to overlap neighboring territories of females. Home ranges also were more uniformly distributed than in the nonbreeding season, and nearest neighbors were significantly more often opposite-sex individuals. Males likely increased home-range sizes to overlap with multiple females and to enhance their opportunities for mating, perhaps by becoming familiar with neighboring females and monitoring those females for signs of receptivity. Although home ranges of females remained similar in size throughout the year, females seemed able to adjust their home ranges in response to neighboring vacancies. We conclude that spacing of D. ingens is flexible in order to meet changing social and environmental conditions.
The size of individual home ranges and the degree of spatial overlap between males and females can be used to characterize mating systems (Brown and Orians 1970; Madison 1980; Sanderson 1966) . During the breeding season, mating strategies in mammals often are influenced by a male's ability to monopolize reproductive females (Emlen and Oring 1977) , and the distribution of females is viewed as a limiting resource (Ims 1988; Nelson 1995a; Ribble and Stanley 1998) . In many studies, information about spacing is limited because home ranges are documented in only 1 season (Behrends et al. 1986a (Behrends et al. , 1986b Nelson 1995b; Ribble and Stanley 1998; Schroder 1979) . This is problematic because home-range size and overlap are responses to resource-limiting factors that are likely to fluctuate across seasons (Slobodchikoff and Schulz 1988) . Thus, studies conducted during a single season may yield misleading or incorrect inferences about a species' spatial behavior.
Although most mammals are solitary, disproportionate attention has been given to the social structure of gregarious or highly social species (Ebensperger and Cofre 2001; Jarvis and Bennett 1991; Randall 2007; Treves 2001) . Because philopatry is considered a prerequisite to group living and associated complex forms of social interaction (Greenwood 1980; Waser and Jones 1983) , solitary animals that display philopatric tendencies and that exhibit familiarity with neighbors are of special interest when attempting to understand more complex social systems. Species in the genus Dipodomys, family Heteromyidae, make especially good subjects for exploring the environmental and social factors that contribute to social structure in solitary species. Although members of all 21 species of Dipodomys are solitary and live alone in individual burrow systems (Jones 1993) , at least 5 species display familiarity with spatially proximate neighbors (Murdock and Randall 2001; Perri and Randall 1999; Randall 1989a Randall , 1989b Randall et al. 2002; Yoerg 1999) and, in at least 2 of these species, young delay dispersal beyond the time of sexual maturity (Jones 1984 (Jones , 1986 (Jones , 1989 . Further, members of the genus Dipodomys inhabit a wide range of habitats throughout western North America, ranging from open grasslands to coastal chaparral to sparsely vegetated sand dunes (Hafner 1993) , thus providing a variable habitat mosaic for comparative study.
The giant kangaroo rat (D. ingens) is a territorial species in which males and females store and defend seeds in a larder within their burrow (Braun 1985; Randall 1997) . Each territory, or precinct, contains 2-4 burrow openings, a shallow underground system of complex tunnels, and aboveground activity areas such as sand-bathing sites (Grinnell 1932; Randall 2001 Randall , 2007 . Observations of mating revealed that males visit the precincts of females during an extended winter breeding season (Randall et al. 2002) . Mating behavior varies with population density, the number of females in estrus, and the operational sex ratio. At relatively high densities with skewed operational sex ratios, multiple males competed for access to females; in contrast, at low densities, each male appeared to mate with only a single neighboring female.
To understand more fully the social structure and mating behavior of D. ingens, we documented seasonal variation in home-range size and overlap by radiotracking animals during the breeding and nonbreeding seasons. We defined a home range as the total area occupied by an individual; we defined a territory as the core or defended part of an animal's activity area. The goals of this study were to compare patterns of space use by males and females during nonreproductive and reproductive seasons, to examine home-range stability across seasons, and to compare the distribution of same-sex nearest neighbors. We predicted that males would attempt to gain greater access to females by expanding their ranges during the breeding season and by occupying territories near females, thus causing greater inter-and intrasexual overlap in the breeding versus the nonbreeding season. It was our intention to gain new insights into the importance of variable spatial relationships in a solitary species.
MATERIALS AND METHODS
Study animal.-The giant kangaroo rat (D. ingens) is a semifossorial, nocturnal rodent endemic to the arid grasslands of the San Joaquin Valley in California. D. ingens once lived in colonies of thousands of individuals and maintained an extensive geographical range throughout Fresno and Kern counties as well as in San Luis Obispo County (Grinnell 1922) . Currently, D. ingens exists on less than 2% of its historic range (Williams and Germano 1992) and is listed as endangered by both the California Department of Fish and Game and by the United States Fish and Wildlife Service. The Carrizo Plain National Monument contains the largest extant population of this species .
Study site and subjects.-In March 1999 we established a 120 Â 160-m (1.92-ha) study site on the Elkhorn Plain area of the Carrizo Plain National Monument (35811948.170N, 119843946.330W) in San Luis Obispo County, California. Located in the foothills of the Temblor Mountains, the Carrizo Plain is arid grassland; rainfall is minimal (0.25-2.5 mm annually) and usually occurs from November through April. Vegetation on the study site consists primarily of nonnative grasses (Bromus), native Lepidium nitidum, annual herbs, and Ephedra. In this habitat, active burrows are easily distinguished by tracks around burrow entrances and clipped grass (Jones 1988; Williams and Kilburn 1991) . We marked active burrow areas (precincts) with 45-cm-high redwood stakes numbered with a nontoxic permanent pen and placed on or near the precincts.
We trapped D. ingens using Sherman live traps (8 Â 9 Â 33.5 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) constructed with a space at the top of the door to prevent severance of tails. Traps were baited with bird seed. For each animal captured, we recorded the individual's weight, sex, and reproductive condition and applied color-coded and numbered ear tags in each ear for individual identification. Reproductive condition was assessed using visual criteria described in Randall (1991) and Randall et al. (2002) . Reproductive condition of females was recorded (according to appearance of the vaginal area) as closed and unswollen (nonestrus), open and swollen (pre-estrus) , and fully open and swollen on the edges (estrus- Randall et al. 2002) . We classified males as either scrotal (testes fully descended into scrotal sac) or nonscrotal (undescended testes). We released all animals at the point of capture.
During the summer of 1999, we trapped and marked 81 animals (43 males and 38 females) on the study site. Because we were limited by the number of radiotransmitters available, we focused on a subset of animals on a 1.0-ha section of the site that had been gridded into 10-m squares using 63-cm-tall metal spikes with 5-cm 2 white flags. We trapped and marked 51 animals (26 females and 25 males) resident on the grid during the summer 1999 nonbreeding season. During the winter 2000 breeding season we recaptured 29 animals (15 females and 14 males) and marked 5 new ones (1 female and 4 males). Based on trapping and visual observations of the surrounding area and entire study site, we estimated that the overall density of the population was similar to that on the gridded area. All procedures were approved by San Francisco State University Animal Care and Use Committee and conform to guidelines recommended by the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Radiotracking.-Radiotracking was conducted on the 1-ha grid described above. To ensure that radiotracking was limited to animals that had established precincts on or were born within the study site, we trapped all animals at least 5 times before attaching radiocollars. We fastened mouse-style transmitters (model MD-2C; Holohil Systems Ltd., Carp, Ontario, Canada) weighing approximately 1.85 g around the necks of kangaroo rats with steel chain-ball collars (Harker et al. 1999; Shier and Randall 2004) .
During the summer nonbreeding season we radiotracked 20 animals (11 females and 9 males) from 12 July to 7 August 1999. During the winter breeding season, which usually extends from January to May (Randall et al. 2002; Williams and Kilburn 1991) , we radiotracked 17 animals (9 females and 8 males) from 24 February to 20 March 2000. Eleven animals (4 males and 7 females) were radiotracked during both seasons. During the winter breeding season, we monitored reproductive condition closely for 2.5 weeks before attachment of radiotransmitters. All 8 males were noted as scrotal (descended testes). Three females were in pre-estrous and 1 in estrous condition at the time of radiocollar attachment; the remaining females were not in estrus at the time of collar attachment. We did not monitor reproduction condition while radiotracking these animals to avoid disturbing their natural spatial patterns. During radiotracking, however, we observed 2 separate pairs of radiocollared males and females displaying mating behavior (Eisenberg 1963; Randall 1987) .
During both the summer and winter tracking periods, we took 5 readings per animal per night, plus a daytime reading to locate each animal's burrow. During the summer season, we obtained readings on alternate nights, from either dusk until midnight or midnight until dawn. During the winter breeding season we collected readings on animals from either dusk until 0100 h or from 0100 h to dawn. Radiofixes were collected at 1-h intervals and the start times of each animal were randomized. Burrow locations were recorded 2-5 h before sunset each day. Using a 12-channel receiver (AVM Instrument Company, Colfax, California) and hand-held Yagi antenna, we located animals by moving slowly and quietly toward the signal until the animal was sighted or located underground. The animal's location was then recorded based on its position on the grid. This method has been used successfully on other kangaroo rat species (Behrends et al. 1986a (Behrends et al. , 1986b Perri and Randall 1999; Price et al. 1994; Shier and Randall 2004) .
Home-range analysis.-We estimated home-range sizes with minimum convex polygon and fixed kernel methods using the program Ranges V (Kenward and Hodder 1996) . We used the minimum convex polygon method because it has been used in other studies on Dipodomys (Braun 1985; Jones 1989; Perri and Randall 1999; Schroder 1979; Shier and Randall 2004; Sullivan 2000) , thus allowing comparisons between our results and other data sets. Home ranges were calculated with a 95% distribution of data and overlap was estimated using 95% peeled polygons. We did not test for autocorrelation because there was sufficient time between readings for individual kangaroo rats to have moved across their home range, therefore suggesting that successive data points are not temporally dependent. Further, the use of minimum convex polygons minimizes the sensitivity of our analyses to dependence of successive data points (Swihart and Slade 1985) . We used the fixed kernel method to establish core areas. This was necessary because minimum convex polygons do not incorporate frequency of utilization of space. Utilization is important in calculating core areas because it provides a more accurate depiction of the frequency with which an individual uses each point in the habitat (Seaman and Powell 1996; Worton 1989 ). We used the fixed kernel method because it has been shown to provide a less biased home-range area calculation than the adaptive kernel method (Kenward and Hodder 1996; Seaman and Powell 1996; Worton 1989) . We used 60% normal kernel isopleths to obtain core areas (presumed territories); we chose this percentage because it excluded outlying locations and thus produced a more stable core for analyses of spatial overlap between individuals.
We used incremental analysis to calculate the number of locations necessary to estimate home-range size. This analysis examines how the area of a range changes as successive locations are added and calculates the number of locations needed to define each range (Kenward and Hodder 1996) . Incremental analysis showed that approximately 60 locations were necessary for estimating home-range sizes for our sample. Although we radiotracked D. ingens over approximately a 4-week period during both seasons, we obtained the number of locations necessary to estimate home-range size during the first 3 weeks of data collection. The disappearance of a study animal at the beginning of the 4th week of radiotracking in 1999 caused an almost immediate relocation of animals on the study area that substantially affected our analyses of space use. Therefore, we analyzed home ranges using approximately the first 3 weeks of data for the summer and winter seasons. Although this resulted in the exclusion of 6 days of summer data and 4 days of winter data, we were still able to estimate home ranges with more than the necessary number of locations suggested by the incremental analyses. For the summer season we analyzed 74.2 6 2.6 (mean 6 1 SE) locations per animal; for the winter season we examined 80.2 6 0.9 locations per animal.
Statistical comparisons of home-range sizes.-Home-range sizes and percent overlap were compared using parametric paired and independent t-tests when applicable in SYSTAT 9.0 (Wilkinson 1999) . When data were not normally distributed, even after a log transformation, we used nonparametric MannWhitney U-tests and Wilcoxon signed-ranks tests. We compared home-range size and percent overlap for the 7 females and 4 males monitored in both seasons. To determine how the disappearance of 1 animal on 29 July 1999 affected the spatial organization of the remaining animals monitored, we compared estimated home-range sizes and overlap for the 7 days before and 7 days after this event. For this analysis, we estimated home-range size and overlap using sample sizes of 35.9 6 0.1 (before) and 36.9 6 0.1 (after) locations per animal.
Nearest-neighbor analyses.-We used conventional nearestneighbor analysis (Clark and Evans 1954) and a Monte Carlo simulation (Meagher and Burdick 1980) to characterize the spacing and range centers of nearest neighbors. The method of Clark and Evans (1954) compares the observed mean distance between nearest-neighbor range centers with the expected mean distance between a set of points that have been randomly dispersed at the same density. The ratio of these distances (R) provides a measure of the degree to which the observed distribution approaches a random distribution. An R-value greater than 1 indicates a random distribution, whereas R ¼ 0 indicates aggregation. When animals are equidistant or at maximum spacing, R ¼ 2.14. A Student's t-distribution is used to test the significance of differences between observed and expected mean neighbor distances. Because the conventional nearestneighbor test of Clark and Evans (1954) does not perform well with respect to boundary effects (Meagher and Burdick 1980) , we also used a Monte Carlo simulation to examine the spatial distribution of nearest neighbors. With Monte Carlo simulation the actual frequency distributions of the test statistic are calculated and a boundary is placed around the random locations, therefore this test takes into account the geometry of the study area and boundary effects (Meagher and Burdick 1980; R. Kenward, pers. comm.) .
We measured the distribution of precincts (territories) on the study area using trapping data and behavioral observations. After an individual was released from a trap, we visually followed the animal to its home precinct and recorded the location at which it entered a burrow. During 3 weeks of trapping and visual following of individuals, the home precincts of 58 animals were verified based on a minimum of 5 captures and postrelease observations per individual. We considered animals to be nearest neighbors if their precincts were adjacent to each other with no other occupant in between. For each animal, we determined the sex of the nearest neighbor. Using chi-square analysis with a Yates correction (Sokal and Rohlf 1995) , we tested whether there was a spatial pattern as to whether nearest neighbors tended to be animals of the same or the opposite sex. All data are reported as mean 6 1 SE.
RESULTS
Space use in the nonbreeding season.-Home ranges of males and females were small, exclusive, and similar in size during the summer nonbreeding season. Based on 95% minimum convex polygons, home ranges of males (n ¼ 9) averaged 0.02 6 0.00 ha versus 0.02 6 0.00 ha for home ranges of females (n ¼ 11); this difference in size was not significant (Mann-Whitney U ¼ 46, n 1 ¼ 11, n 2 ¼ 9, P ¼ 0.753). Home ranges of males overlapped those of females by 12.1% 6 6.0% (n ¼ 9 male-female pairs), whereas home ranges of females overlapped those of males by 1.1% 6 5.6% (n ¼ 11 femalemale pairs; Fig. 1A ). Although the home ranges of males did not overlap (Fig. 1A) , home ranges of 5 of the 11 females radiotracked overlapped by a mean of 71.8% 6 5.6% (Table  1) . No overlap was found between the core areas of males and females (Fig 2A) . In contrast, the core areas of 2 of 5 females overlapped by 35.1% 6 22.2% (Table 1) .
We observed few aggressive encounters. In more than 126 h of radiotracking, we observed only 6 aggressive interactions between neighboring animals. Each of these observations consisted of the precinct owner chasing away a neighbor with no physical contact between the animals. Overall, animals tended to remain in their burrows, with the burrow entrance plugged with soil, until approximately 2230-2300 h. After that, individuals were primarily active in their core areas until early morning.
Space use in the breeding season.-In contrast to the pattern observed during the nonbreeding season, we found extensive overlap in the home ranges of males and females during the winter breeding season (Fig. 1B) . Home ranges of males overlapped those of females by 63.3% 6 18.0% (n ¼ 8 malefemale pairs) and home ranges of females overlapped those of males by 12.4% 6 11.5% (n ¼ 9 female-male pairs). We found no overlap between the home ranges of females. Home ranges of males overlapped by 30.2% 6 8.4% (n ¼ 8 males) where they converged on neighboring territories of females (Fig. 1B) .
Home ranges of males were significantly larger than home ranges of females during the breeding season (Mann-Whitney U ¼ 0.05, n 1 ¼ 9, n 2 ¼ 8, P ¼ 0.001). Based on 95% minimum convex polygons, home ranges of males (n ¼ 8) averaged 0.10 6 0.01 ha versus 0.02 6 0.03 ha for home ranges of females (n ¼ 9). Core areas were maintained as exclusive areas of activity; the sole exception was a male and female pair whose core areas overlapped slightly (,28.4%; Fig. 2B ). Both males and females became active at dusk (1730-1800 h), with an increased period of activity from 1900 to 2100 h when males tended to move off their precincts to visit neighboring females. We observed very little aggression between conspecifics. Behavioral interactions consisted of males chasing each other away from the precincts of neighboring females (8 observations) and males following females into their burrows while exhibiting nasoanal contact (2 observations).
Seasonal comparison.-When we examined changes in space use by the 11 animals (7 females and 4 males) followed during both seasons, we found no significant difference between the sizes of home ranges of females in the nonbreeding (0.02 6 0.01 ha) and breeding (0.03 6 0.01 ha) seasons (Wilcoxon signed-ranks test: Z ¼ 1.725, P ¼ 0.084). In contrast, home ranges of males increased significantly from an average of 0.02 6 0.01 ha in the nonbreeding season to an average of 0.09 6 0.05 ha in the breeding season (Wilcoxon signed-ranks test: Z ¼ 1.825, P ¼ 0.068). Thus, although home ranges of males were similar in size to those of females during the nonbreeding season (Mann-Whitney U ¼ 11.5, n 1 ¼ 7, n 2 ¼ 4, P ¼ 0.572), home ranges of males were significantly larger during the breeding season (Mann-Whitney U ¼ 0.00,
Individual D. ingens maintained from 1 to 3 day burrows within their precinct. During the summer, females (n ¼ 7) averaged 1.6 6 0.2 day burrows and males (n ¼ 4) averaged 1.2 6 0.2 day burrows per individual; this difference was not significant (Mann-Whitney U ¼ 63, n 1 ¼ 11, n 2 ¼ 9, P ¼ 0.224). During the winter breeding season, females averaged significantly more day burrows (1.44 6 0.18) per animal than did males (1.0 6 0.00) because each male used only 1 day burrow (Mann-Whitney U ¼ 52, n 1 ¼ 9, n 2 ¼ 8, P ¼ 0.036). Six (54%) of the 11 animals radiotracked in both seasons maintained the same day burrows during the summer nonbreeding and winter breeding seasons.
Nearest-neighbor analysis.-We found that for the 20 animals (11 females and 9 males) examined, the average nearestneighbor distance during the summer nonbreeding season was 9.9 6 1.3 m. The range centers of these animals were randomly distributed and were spaced independently of one another. The nearest-neighbor analysis of Clark and Evans (1954) yielded R ¼ 1.09; the Monte Carlo simulation (n ¼ 1,000 randomized locations) produced R ¼ 1.03. Both values were close to 1, suggesting that animals are independently spaced. We found no significant difference between observed (9.9 6 1.3 m) and expected (9.1 6 0.0 m) mean nearest-neighbor distances (Student's t ¼ 0.62, d.f. ¼ 19, P . 0.50) or between observed and 1,000 randomized nearest-neighbor locations (9.6 6 0.2;
During the winter breeding season, the population of 17 animals (9 females and 8 males) had average nearest-neighbor distances of 13.8 6 1.4 m and showed a more regular distribution of individuals than in the summer. R-values for the expected random distribution (Clark and Evans 1954) and Monte Carlo simulation of 1,000 randomized locations were R ¼ 1.37 and R ¼ 1.61, respectively. Statistical analysis showed a significant departure from random expectation in the direction of uniformity for both the random distribution of Clark and Evans (1954- Nearest neighbors were of the opposite sex significantly more often than expected given the adult sex ratio of the study
The average nearest-neighbor distance was 6.9 6 1.47 m for opposite-sex animals versus 7.3 6 2.7 m for nearest neighbors of the same sex.
Movement into new precincts.-During the summer nonbreeding season, an adult female disappeared, resulting in a spatial rearrangement of animals on the study site. A neighboring female, whose home range was overlapped by those of 2 other females, moved into the missing animal's burrow within 1 night of the disappearance. This movement did not alter the mean size of home ranges of females ( Fig. 3.) ; average home-range size during the week before the disappearance was 0.01 6 0.00 ha versus 0.02 6 0.00 ha during the week after disappearance (paired t ¼ 0.534, n ¼ 19, d.f. ¼ 18, P ¼ 0.600). Although the female that moved did not increase her home-range size, she did decrease the percentage of homerange overlap with neighboring animals; her core area overlap with other individuals remained 0% (Table 1) . Three females that were close neighbors of the female that moved also had a decrease in percentage of home-range overlap with one another (Table 2) .
When we returned to the study area in February 2000 for the winter breeding season, we found that 4 other animals (1 male and 3 females) had moved an average distance of 14.8 6 10.2 m to neighboring precincts. These movements occurred sometime after the summer nonbreeding season ended in July 1999. During the summer season, 2 of these females had both their home ranges and core areas overlapped by a neighboring female (Table 1) .
DISCUSSION
Our analyses of seasonal variation in home-range size and overlap suggest that social and ecological characteristics of the environment influence the spacing of male D. ingens more than females. Sizes of home ranges varied seasonally for males but not for females. During the summer nonbreeding season, both males and females occupied territories of similar sizes that were located close to the core area of each animal's home range. During the winter breeding season, the spatial organization of FIG. 3.-Home ranges of 11 females (F) and 9 males (M) shown as 95% minimum convex polygons for A) the week before (21 July-29 July) and B) the week after (30 July-7 August) the disappearance of 1 female from the study population. An asterisk (*) indicates the female that disappeared and 2 asterisks (**) indicate a female that moved. males changed in conjunction with mating. Home ranges of males increased significantly in size as males became more mobile and expanded their ranges to overlap the territories of neighboring females. A number of factors may account for the larger home ranges and greater mobility of male D. ingens during the breeding season. D. ingens has a polygynous mating system in which males attempt to gain access to multiple females (Randall et al. 2002) , suggesting that females are a limited resource that likely influence the spacing of males. Thus, males should increase their reproductive success by adopting a spatial strategy that allows them to gain access to multiple females (Bateman 1948; Emlen and Oring 1977) . Our findings suggest that nearest neighbors are more likely to be oppositesex animals, a pattern that also has been reported for D. heermanni (Shier and Randall 2004) . Because the duration of receptivity by females is short and the timing of estrus is variable, males must continuously monitor females for signs of mating opportunities (Randall 1989a (Randall , 1991 . Furthermore, female D. ingens prefer the scent of familiar males (Murdock and Randall 2001) and tolerate and interact with familiar males more than with unfamiliar males (Randall et al. 2002) . Female D. ingens also have been shown to mate preferentially with neighboring males (Randall et al. 2002) . As a result, males may increase their chances of mating by spending considerable time in the home ranges of pre-estrous females to establish familiarity.
Home ranges of male rodents frequently overlap those of females. For example, male Microtus may base home-range size on density of females (Ims 1988; Nelson 1995a Nelson , 1995b Salvioni and Lidicker 1995) . At high densities of females, male M. agrestis have smaller home ranges than they do at lower densities of females (Nelson 1995b) . In M. canicaudus, space use of males is influenced by access to females and intrasexual competition (Bond and Wolff 1999 Lutz et al. 2000) , individual home ranges of males are larger than those of females and overlap multiple home ranges of males and females during the breeding season.
During the summer nonbreeding season, both male and female D. ingens maintained exclusive territories, as indicated by the minimal home-range overlap and exclusive core areas observed during this season. Territory size appeared to be influenced by nearest-neighbor distances, by territorial behavior, and by defense of larder stores. D. ingens displayed a tolerance for close neighbor associations; this was especially evident among females. The overlap matrices for both home ranges and core areas demonstrated that, although the outer ranges of 3 females overlapped extensively, their core areas remained separate and exclusive. Therefore, although these females showed high tolerance for intrasexual overlap, they continued to remain territorial and excluded conspecifics from their core areas. These findings suggest that defending a core area is important, thus implying the importance of defending food resources, specifically the cache or larder. The defense of the cache may be the primary factor favoring solitary living in Dipodomys species (Eisenberg 1963) .
Although D. ingens appears to tolerate close associations with neighbors, these rodents will readily move into neighboring precincts when these become available. A degree of social variation and spatial flexibility is expected in a genus such as Dipodomys that inhabits a wide range of unpredictable semiarid and arid habitats (Randall 2007) . Variation in density, both temporal and spatial, is thought to be primarily a result of interactions between life-history attributes of Dipodomys (adult and neonate weight, gestation time, litter size, and maximum life span) and environmental limiting factors (Brown and Harney 1993) . Overall, we found that D. ingens tolerates close associations with neighbors, but when neighboring precincts become available, these rodents demonstrate a preference for exclusive territories.
How does space use by D. ingens compare with that in other Dipodomys species? Like other species of large-bodied (.80-g) kangaroo rats that larder hoard seeds (Dipodomys spectabilis, D. deserti, and D. heermanni- Shier and Randall 2004; Sullivan 2000) , D. ingens maintain exclusive territories. However, territories are closer together than those in other species of kangaroo rats (Andersen and Kay 1999; Braun 1985; Randall 1984 Randall , 1991 Schroder 1979; Schroder and Geluso 1975; Shier and Randall 2004; Sullivan 2000) . During the breeding season, overlap of home ranges of females by male D. ingens is similar to spacing in Dipodomys species with small body masses (40-60 g) that scatter-hoard seeds (D. merriami, D. ordii, and D. agilis- Behrends et al. 1986a; Jones 1989 Jones , 1993 MacMillen 1964; Maza et al. 1973; O'Farrell 1980; Perri and Randall 1999) , but male D. ingens differ from these other species by having home ranges that are significantly larger than those of females. Intersexual differences in home-range size also have been reported for D. heermanni and D. spectabilis (Randall 1991; Shier and Randall 2004) . In all other species for which comparative data are available, home ranges of males and females are similar in size (Behrends et al. 1986a (Behrends et al. , 1986b Jones 1993; Perri and Randall 1999; Schroder 1979) . Overall, during the breeding season male D. ingens must trade off defending seed larders with visits to female territories to gain mating opportunities.
An adaptive strategy for desert rodents is to modify spatial and social structure as environmental conditions dictate. Rodents are known to display flexible social systems that vary in response to changing environmental conditions (Austad 1984; Lott 1991; Schradin and Pillay 2005; Travis et al. 1995) . As a genus, Dipodomys displays a degree of social flexibility that would be expected of animals living in an unpredictable environment (Randall 2007) . However, at the species level D. ingens exhibits a greater degree of sociality than previously recognized for kangaroo rats. We suggest that flexible behavior in desert rodents may be a general response to the unpredictable conditions of an arid environment (Randall 1993; 
